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PEPTIDES BASED ON THE SEQUENCE OF HUMAN LACTOFERRIN AND THEIR USE 

Field of the invention 
The present invention relates to new peptides and to 
use thereof, in particular for treatment and/or preven- 
tion of infections , inflammations and/or tumours* 

Background art 

It has for a long time been known that human milk in 
several ways is ant i- inflammatory due to the fact that it 
is poor in initiators and mediators of inflammation but 
rich in ant i- inflammatory agents (see e.g. Goldman A. S., 
et al. # Anti- inflammatory properties of human milk, Acta 
Paediatr. Scand. 75:689-695, 1986). Human milk also con- 
tains several soluble anti -infective components, such as 
lactoferrin (see e.g. Hanson L. A. , et al . , Protective 
factors in milk and the development of the immune system, 
Pediatrics 75:172-176, 1983). 

Lactoferrin is a single chain metalbinding glycopro- 
tein with a molecular weight of 77 kd. It has been found 
that the structural domain of lactoferrin responsible for 
the bactericidal properties is a pepsin-cleaved fragment 
called lactof erricin (see e.g. Bellamy W., et al., Iden- 
tification of the bactericidal domain of lactoferrin, 
Biochim. Biophys . Acta 1121:130-136, 1992, and Bellamy 
W. , et al . , Antibacterial spectrum of lactof erricin B, a 
potent bactericidal peptide derived from the N- terminal 
region of bovine lactoferrin, J. Appl . Bact . 73:472-479, 
1992) . 

Lactoferrin receptors are found on many types of 
cells including monocytes and macrophages, lectin- 
stimulated human peripheral blood lymphocytes, brush- 
border cells, and tumour cell lines. 

Several patent publications describe the possible 
use of lactoferrin for treatment of infections or inflam- 
mations. In WO 98/06425, e.g., it is disclosed that lac- 
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toferrin and lactof erricin can be used for treatment and 
prevention of infections, inflammations and tumours. 

EP-A-0 629 347 describes an antimicrobial agent con- 
taining (A) lactoferrin hydrolysate and/or one or more of 
antimicrobial peptides derived from lactof errins, and (B) 
one or more compounds selected from the group consisting 
of metal -chelating protein, tocopherol, cyclodextrin, 
glycerine -fatty acid ester, alcohol, EDTA or a salt 
thereof, ascorbic acid or a salt thereof, citric acid or 
a salt thereof, polyphosphoric acid or a salt thereof, 
chitosan, cysteine, and cholic acid as the effective com- 
ponents thereof. This antimicrobial agent is intended for 
treatment of products, and especially. for safely treating 
e.g. food and medicines. The agent according to this pub- 
lication is thus a new preservative. In the publication 
several peptide sequences are given and some of them re- 
semble the peptides according to the invention, although 
there are several important differences described further 
below. 

Even though native human lactoferrin and lactofer- 
ricin have been shown to have desired anti- inflammatory, 
anti-infectious and anti-tumoural properties they cannot 
be used clinically on a broad basis since they are very 
expensive substances due to high production costs. 

Summary of the invention 
The object of the present invention is to provide 
new peptides which can be used for the same purposes as 
lactoferrin and/or lactof erricin and which will have the 
same, or better, effects although being much cheaper to 
produce . 

The aim of the studies leading to the present inven- 
tion was to design new peptides which could be taken up 
from the intestines. It has been shown that humans in 
their brush border membrane have receptors which can bind 
to human lactoferrin (see e.g. Lonnerdal B . , Lactoferrin 
receptors in intestinal brush border membranes, Adv. Exp. 
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Med. Biol., 1994, 357:171-175). It has also been shown 
that bovine lactoferrin does not bind to these receptors. 
The new peptides should therefore resemble human lacto- 
ferrin or human lactof erricin but they should also be 

5 easier- and especially cheaper to produce. Furthermore, 

they should be essentially as efficient as, or preferably 
more efficient than, human lactoferrin or human lactofer- 
ricin in treatment and prevention of infections, inflam- 
mations and tumours. 

0 It was found that peptides formed of the sequences 

constituted of all or some of the amino acids 12-40 of 
human lactoferrin counted from the N- terminal end, and 
preferably modified versions thereof described further 
below, have the desired properties. 

5 According to a first embodiment of the invention, it 

is shown that the peptides formed of the sequences con- 
stituted of amino acids 16-40 and amino acids 18-4 0 from 
the N- terminal end of human lactoferrin, with some al- 
terations described further below, have the desired prop- 

0 erties. Also sequences with only 14 residues, roughly 
corresponding to residues 18-31 of human lactoferrin 
wherein C-2 0 is replaced by A, Q-22 is replaced by K, and 
N-26 is replaced by D, were found to have the same, and 
even better, properties. 

5 According to a second embodiment of the invention, 

it is shown that the peptide formed of the amino acids in 
positions 12-31, counted from the N-terminal end, in the 
sequence constituting human lactoferrin, as well as modi- 
fications thereof, have the desired properties. Also 

0 fragments of this sequence consisting of at least 7 amino 
acids are shown to have the same, and even better, prop- 
erties . 

According to a third embodiment of the invention it 
is shown that peptides consisting of 11-17 amino acids 
5 corresponding to the sequences that begin with one of the 
amino acids in positions 15-21 and end with the amino 
acid in position 31, counted from the N-terminal end, in 
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the sequence constituting human lactoferrin, as well as 
modifications thereof . 

According to a forth embodiment of the invention it 
.is shown that modified peptides consisting of 12 aminoac- 
ids based on the sequence consisting of the amino acids 
in positions 20-31 in human lactoferrin, counted from the 
N- terminal end, give even better results for the purposes 
of the present invention. 

A plausible mechanism for the uptake of these new 
peptides in the human body is that the peptides are taken 
up in the intestine through binding to the above men- 
tioned specific lactoferrin receptors and are then trans- 
ported through the circulation. However, the invention is 
in no way limited to this mechanism. 

Thus, the present invention relates to new peptides 
with the sequences given in the appended sequence list- 
ing/ and to functionally equivalent homologues or ana- 
logues thereof . 

Furthermore, the invention relates to medicinal 
products and to food stuff, especially infant formula 
food, comprising said peptides. 

The invention also relates to use of said peptides 
for the production of medicinal products for treatment 
and prevention of infections, inflammations and tumours. 

The peptides according to the invention are fungi- 
cidal and bactericidal, and can thus be used for other 
applications when substances with such properties are de- 
sired. They may for example be used as preservatives. 

The characterising features of the invention will be 
evident from the following description and the appended 
claims . 

Detailed description of the invention 
Thus, the present invention relates to peptides com- 
prising - amino acid based on a fragment of the protein 
human lactoferrin (hLF) . The fragment of hLF that are 
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used as a basis for the invention is constituted by the 
amino acids in positions 12-40, the sequence of which is: 

V-S-Q-P-E-A-T-K-C-F-Q-W-Q-R-N-M-R-K-V-R-G-P-P-V-S-C-I-K-R 

(SEQ. ID. NO. 100) 

In the description single-letter symbols are used to 
denote the amino acids, while three-letter symbols are 
used in the appended sequence listing. These symbols, 
which are well known to man skilled in the art, have the 
following meaning: A = Ala = alanine, C « Cys = cysteine, 
D = Asp « aspartic acid, E = Glu = glutamic acid, F = Phe 
= phenylalanine, G = Gly = glycine, 1 = lie = isoleucine, 
K = Lys - lysine, M = Met = methionine, N = Asn = aspara- 
gine, P = Pro = proline, Q = Gin = glut amine, R = Arg = 
arginine, S = Ser = serine, T = Thr = threonine, V = Val 
= valine, W - Trp = tryptophan and X = Xaa = a variable 
amino acid. Ac and NH 2 in some of the sequences denote an 
acetyl (CH 3 CO-) group and an amino group, respectively, 
that have been used to modify the amino and the carboxy 
terminals of the peptides. 

The peptides according to the invention may have ei- 
ther of a linear or a cyclic form, which is further ex- 
plained below. 

All the sequences mentioned herein with SEQ. ID. NO. 
1-99 are given in the appended sequence listing. 

The first embodiment of the invention relates to 
peptides the sequence of which is: 

Ac-X-X-T-K-X-F-X-W-Q-R-X-M-R-K-V-R-X-X-X-X-X-X-X-X-X-NH 2 

(SEQ ID. NO. 1) 

wherein X in position 1 is either E or no amino acid, X 
in position 2 is either A or no amino acid, X in position 
5 is either C or A, X in position 7 is either Q or K, X 
in position 11 is either N or D, and X in positions 17-25 
are either no amino acids at all or -G-P-P-V-S-C-I-K-R. 
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The sequences for the peptides according to the first em- 
bodiment of the inventions are SEQ. ID. NO. 1-7 in the ap- 
pended sequence listing. 

d - - yief ei red v er sion of - the — f l iri t euibudimen t^ 
the^anvention X in position 1 is E, Xjjj^-posiTEXon 2 is A, 
X in position 5 is C, X in posj^i^n 7 is Q, X in position 
11 is N, and X in posd^ti^fisl7-25 are -G-P-P-V-S-C-I-K-R, 
which gives a peptide the sequence of which is SEQ. ID. 
NO. 2. Th^-iinear form is obtained through protection of 
the cysteine side chains by acetamidomethyl groups 



Another preferred version of the first embodiment of 
-the invention is a cyclic form of SEQ. ID. NO. 2, ob- 
tained by the creation of a disulphide bridge between the 
two cysteines in positions 5 and 22, resulting in the cy- 
clic peptide the sequence of which is SEQ. ID. NO. 3. The 
creation of the disulphide bridge has to be performed in 
a controlled way in order to avoid formation of polymers. 

Another preferred version of the first embodiment of 
the invention is a somewhat shorter peptide wherein X in 
position 1 in SEQ. ID. NO. 1 is none, X in position 2 is 
none, X in position 5 is C, X in position 7 is Q, X in 
position 11 is N, and X in positions 17-25 are -G-P-P-V- 
S-C-I-K-R, resulting in a peptide the sequence of which 
is SEQ. ID. NO. 4. 

Yet another preferred version of the first embodi- 
ment of the invention is a cyclic form of SEQ. ID. NO. 4 
obtained by the creation of a disulphide bridge in the 
same way as for SEQ. ID. NO. 3, resulting in SEQ. ID. NO. 
5. 

An even more preferred version of this first embodi- 
ment of the invention is shorter peptide in which X in 
position 1 is none, X in position 2 is none, X in posi- 
tion 5 is A, X in position 7 is K,- X 5 D, and X in posi- 
tions 17-25 are none, resulting in SEQ. ID. NO. 6. 

This peptide may also be modified so that the resi- 
dues K in position 5 in SEQ. ID. NO. 6 and D in position 
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9 are linked by the formation of a lactam between the 
side chains of the residues, thus forming a loop. The se- 
quence of this peptide is SEQ. ID. NO, 7. The lactam for- 
mation in this peptide between amino acid chains that are 
5 four residues apart in the sequence forces the peptide to 
adopt a three-dimensional structure that resembles that 
of the fragment 18-31 of naturally occurring human lacto- 
ferrin and is designed to bind better to the receptor. 
This peptide with SEQ. ID. NO. 7 is the most preferred 
10 peptide according to the first embodiment of the inven- 
tion. 

One advantage of the peptides with SEQ. ID. NO. 6 
and SEQ. ID. NO. 7 compared to the other peptides accord- 
ing to the first embodiment of the invention is that they 

15 are easier to synthesise and also cheaper per gram since 
they are shorter. 

In all those seven peptides the amino and carboxy 
terminal ends have been capped, i.e. the free NH 2 group 
at the amino terminal end have been reacted with ace-. 

20 tyl imidazole to form the amide CH 3 CONH- or AcNH- and the 
free COOH at the carboxy terminal end has been trans- 
formed into CONH2 . 

As evident from the sequences above all seven pep- 
tides according to the first embodiment of the invention 

25 comprise the residues K and R at the carboxy terminal 

ends. These residues are positively charged under physio- 
logical conditions and are capable of strong and specific 
interactions with receptors. They are therefore an impor- 
tant part of the peptides according to the invention. 

3 0 Also the T residue at the amino terminal end of all of 
the peptides according to the invention is capable of 
playing an important part in receptor binding. 

The second embodiment of the invention relates to 
the peptide the sequence of which is: 



V-S-Q-P-E-A-T-K-C-F-Q-W-Q-R-N-M-R-K-V-R 

(SEQ. ID. NO. 8) 
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and fragments thereof consisting of at least 7 amino ac- 
ids. The sequences for the peptides according to the sec- 
ond embodiment of the inventions are SEQ . ID. NO. 8-42 in 
5 the appended sequence listing. 

The peptides according to this second embodiment of 
the invention contains at least 7 amino acids. Shorter 
peptides do not have the desired effects. 

A preferred group of peptides according to the sec- 
10 ond embodiment of the invention are the peptides with 

SEQ. ID. NO. 9-22 given in the appended sequence listing. 
The advantage of these peptides, consisting of only seven 
amino acids each, is that they are relatively short which 
means that they are cheaper and more easy to produce than 
15 the longer peptides according to the invention. 

Another preferred group of peptides according to 
this second embodiment of the invention are the peptides 
with SEQ. ID. NO. 13 and SEQ. ID. NO. 23-31 in the ap- 
pended sequence listing, corresponding to modified se- 

2 0 quences obtained from the amino acid in position 16 to 

the amino acid in position 22-31 of human lactoferrin, 
counted from the N- terminal end. 

Yet another preferred group of peptides according to 
this embodiment are the peptides with SEQ. ID. NO. 22 and 
25 SEQ. ID. NO. 31-42 in the appended sequence listing, cor- 
responding to modified sequences obtained from the amino 
acid in position 13-25 to the amino acid in position 31 
of human lactoferrin, counted from the N-terminal end. 

The advantage of the peptides according to the sec- 

3 0 ond embodiment of the invention is that they form the 

part of the lactof erricin fragment of the human lactofer- 
rin protein, or a modified version thereof, which the in- 
ventors have found to be active with regards to the in- 
vention. 

3 5 The third embodiment of the invention relates to 

peptides consisting of 11-17 amino acids, comprising the 
sequence : 
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F-X-W-X-R-X-M-R-K-X-R 

(SEQ. ID. NO. 43) 

or functionally equivalent homologues or analogues 
thereof. The sequences for the peptides according to the 
third embodiment of the inventions are SEQ. ID. NO. 43-67 
and SEQ. ID. NO. 97 in the appended sequence listing. 

In this sequence # the amino acids denoted by X or 
Xaa are preferably, independently of each other, gluta- 
mine (Q or Gin) , lysine (K or Lys) , aspartic acid (D or 
Asp) , asparagine (N or Asn) , or valine (V or Val) . 

A preferred group of peptides according to the sec- 
ond embodiment of the invention consists of 14 amino ac- 
ids. Those peptides correspond essentially to the se- 
quence formed by the amino acids in positions 18-31, 
counted from the N- terminal end, in the sequence consti- 
tuting human lactoferrin, wherein some amino acids have 
been modified. The peptides in this group have the se- 
quences SEQ. ID. NO. 6, 7, 50-61 and 98. 

The peptide according to this embodiment that mostly 
corresponds to this part of human lactoferrin is the pep- 
tide with SEQ. ID. NO. 5 0 given in the appended sequence 
listing. The capped version of this sequence has SEQ. ID. 
NO. 51. 

The amino acid in position 3 in this sequence, i.e. 
a cysteine (C or Cys) may be replaced by an alanine (A or 
Ala) or a lysine, the amino acid in position 5, a gluta- 
mine, may be replaced by a lysine, the amino acid in po- 
sition 9, an asparagine, may be replaced by an aspartic 
acid or a lysine, and the amino acid in position 13, a 
valine, may be replaced by an aspartic acid. 

When the peptide according to this embodiment com- 
prises a cysteine, as the peptides with SEQ. ID. NO. 46- 
51 and 62-67, it may be advantageous to replace this cys- 
teine by an ac e t ami dome thy 1 -cysteine in order to avoid 
that the peptide forms a disulphide bridge with another 
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peptide comprising a cysteine. However, the amino acids 
glutamine and valine may then not be replaced as de- 
scribed above . 

A major advantage of the peptides according to 
this embodiment is that they form the part, or a modified 
version of it, of the lactof erricin fragment of the human 
lactoferrin protein which the inventors have found to be 
active with regards to the invention. 

An other advantage of the peptides according to this 
embodiment is that they are relatively short which means 
that they are cheaper and easier to produce than longer 
peptides, such as lactoferrin itself. 



pep 




fourth embodiment o l LhH invention -rola * 



consisting of 12 aminoacids . These 



les 



are 
the 



15 based on a modification of the sequence coprglsting of 
amino acids in positions 20-31 in hum^H<J.actof errin, 
counted from the N- terminal end, cpafresponding to SEQ. 
ID. NO. 46. The sequences for t^e peptides according to 
the third embodiment of the irfrventions are SEQ. ID* NO, 
68-99 in the appended seq*fence listing. In the general 



sequence, SEQ. ID. NO./99, Xaa i 



n 



position 3 is prefera- 



bly Gin or Ala, Xaa/in position 4 is preferably Trp or 
Leu, Xaa in position 5 is preferably Gin, Lys, Orn, Ala 
or Nle, Xaa in/position 6 is preferably Arg, Lys or Ala, 



25 Xaa m posi 
Xaa in posit 



Lon 7 is preferably Asn, Orn, Ala, or Nle, 
ion 8 is preferably Met or Leu, and Xaa in 



positions 9 is preferably Arg or Lys. In some cases it may 
be advantageous to let this sequence be proceeded by the 



3 0 Preferred variants of the fourth embodiment of the 

invention are SEQ. ID. NO. 70 and SEQ. ID. NO. 74 wherein 
the amino acid in position 3 and position 7, respec- 
tively, in SEQ . ID. NO. 46 has been replaced by an ala- 
nine, SEQ. ID. NO. 81 and SEQ. ID.- NO. 83 wherein the 

3 5 amino acid in position 6 and position 9, respectively, in 
SEQ. ID. NO. 4 6 has been replaced by a lysine, and SEQ. 
ID. NO. 87 and SEQ. ID. NO. 8 9 wherein the amino acid in 
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position 5 and position 7, respectively/ in SEQ. ID. NO. 
46 has been replaced by an ornithine. It is also possible 
and in some cases preferable, to use capped versions of 
these sequences according to the invention. 
5 The peptides according to the invention may be ei- 

ther of natural origin / e.g. derived from human lactofer- 
rin, or synthetically produced. 

The peptides according to the invention are some- 
times "capped", so that the amino and the carboxy termi- 

10 nals of the peptides are turned into amides, as described 
above. The advantage of the capped versions, i.e. the se- 
quences in which the amino and carboxy terminal ends have 
been reacted with acetylimidazole to form the amide 
CH3CONH- or AcNH- and the free COOH at the carboxy termi- 

15 nal end has been transformed into CONH 2 , is that these 
peptides are neutral and uncharged and thus has drasti- 
cally changed electrostatic properties. Assuming that the 
receptors bind the corresponding sequences of human lac- 
toferrin where there are no N- and C terminal charges, 

2 0 the capped peptides should bind better as they in this 
respect resemble the native protein more than uncapped 
peptides. Under physiological conditions at a pH of ap- 
proximately 7, free amino and carboxy terminals would be 
ionised and the peptide would thus carry a positive and a 

25 negative charge. 

In some cases only the capped form of a sequence has 
been given in the appended sequence listing. However, it 
is also possible, according to the invention, to use the 
non-capped forms. 

30 When the peptide according to this embodiment com- 

prises a lysine separated from an aspartic acid or a glu- 
tamic acid by three amino acids the lysine and the aspar- 
tic acid or the glutamic acid, respectively, may form a 
lactam, as in SEQ. ID. NO. 54, wherein a lactam is formed 

35 between a lysine in position 5 and an aspartic acid in 

position 9, or as in SEQ, ID. NO. 55 wherein a lactam is 
formed between a lysine in position 5 and a glutamic acid 



WO 00/01730 PCT/SE99/01230 

12 

in position 9. It is also possible to obtain a dilactam, 
as e.g. in SEQ. ID. NO. 60 and SEQ. ID. NO. 61, wherein a 
lactam is formed between a lysine in position 3 and an 
aspartic acid in position 7 and another lactam is formed 
between- a lysine in position 9 and an aspartic acid in 
position 13 . The lactam formation forces the peptide to 
adopt a three-dimensional structure that resembles that 
of the corresponding fragment of human lactoferrin and 
this may accomplish better binding of the peptide to the 
lactoferrin receptor. 

Apart from the above specified peptides it is also 
possible to use functionally equivalent homologues or 
analogues thereof, including those that mimic the three- 
dimensional structure of the corresponding segment in hu- 
man lactoferrin due to the introduction of structural 
constraints such as lactam bridges or other chemical con- 
straints . 

The peptides according to the invention are suitable 
for treatment and/or prevention of infections, inflamma- 
tions and/or tumours. The term "treatment" used herein 
refers to curing, reversing, attenuating, alleviating, 
minimising, suppressing or halting the deleterious ef- 
fects of a disease state, disease progression or other 
abnormal condition, and the term "prevention" used herein 
refers to minimising, reducing or suppressing the risk of 
developing a disease state or progression or other abnor- 
mal or deleterious conditions. 

The infections treatable with the peptides or me- 
dicinal products according to the invention include in- 
fections caused by all kinds of pathogens, such as bacte- 
ria, viruses, fungi/ etc. 

It is also possible to treat different types of in- 
flammations. Inflammation is a complex phenomenon marked 
i.a. by abnormal "redness" and swelling of tissues and 
organs, pain and heat in affected areas, capillary dila- 
tion, leucocyte infiltration, etc. Inflammation is pri- 
marily caused by exposure to bacterial and other noxious 
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medicinal products according to the invention may e.g. be 
. included in a gel, a cream, an ointment, or a paste. 

In the method according to the invention an effec- 
tive amount of a peptide according to the invention is 
5 administered to a patient. The term "effective amount" 

used herein relates an amount sufficient to treat or pre- 
vent a disease state, disease progression or other abnor- 
mal or deleterious conditions. 

The peptides or medicinal products and methods ac- 
10 cording to the invention are particularly well suited for 
treatment and/or prevention of urinary tract infection 
and colitis, but several other inflammatory and infec- 
q tious diseases are also treatable according to the pres- 

|Sj ent invention, such as inflammatory bowel diseases, rheu- 

15 matoid arthritis, conditions caused by the virus HIV-1, 
Ml conditions caused by the virus CMV, and conditions caused 

n by the fungi Candida albicans, Candida krusei and Cryp- 

ip 4 tococcus neoformans. This listing is in no way limiting 

^ the scope of the invention. 

IS 2 0 The peptides, medicinal products and methods accord - 

{•f ing to the invention are also well suited for preventive 

13 medical care by reducing the risk of developing urinary 

^ tract infection or other inflammatory or infectious dis- 

eases in patients with an increased risk of attracting 
25 such complications. 

The peptides, medicinal products and methods accord- 
ing to the invention may either be used alone, in combi- 
nation with each other or in combination with conven- 
tional therapy. 

30 According to the present invention it is also possi- 

ble to include the peptides, in an effective amount, in 
any kind of food or beverage intended to reduce infec- 
tions and/or inflammations in patients running an in- 
creased risk of such conditions due to an underlying dis- 

35 ease, a low birth weight or a medical treatment. For ex- 
ample, it is possible to include the peptides, in an ef- 
fective amount, in an infant formula food intended to in- 
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hibit harmful effects of bacteria, such as weight loss 
caused by inflammation induced by bacteria, viruses or 
fungi in infants. When the peptides according to the in- 
vention is to be used in food stuffs, e.g. for nutri- 
tional -purposes, it is especially preferred to use pep- 
tides of natural origin. 

Since the peptides according to the invention have 
antimicrobial effects they can also be used as preserva- 
tives in different food stuffs and medicinal products 
such as gels, creams, ointments, pastes, solutions, emul- 
sions etc. 

The invention will now be further explained in the 
following examples. These examples are only intended to 
illustrate the invention and should in no way be consid- 
ered to limit the scope of the invention. 

Brief description of the drawings 
In the examples below, reference is made to the ap- 
pended drawings on which: 

Fig. 1 shows the number of bacteria (CFU) present in 
kidney in mice with urinary tract infection treated with 
two peptides according to the invention, peptide 3 and 
peptide 4, with human lactoferrin, hLF, and with water, 
respectively . 

Fig. 2 illustrates the concentrations needed of pep- 
tide 3 in linear and cyclic form, peptide 4 in linear and 
cyclic form, and peptide 7 compared to a reference pep- 
tide in linear and cyclic form for killing of 99% of C. 
albicans at different pH. 

Fig. 3 shows the number of C. albicans (CFU) present 
in stomach in mice, which were orally treated with two 
peptides according to the invention, peptide 3 and pep- 
tide 4, with human lactoferrin (hLF) and with water (Con- 
trol) , respectively, after intragastrical administration 
of C. albicans. 

Fig. 4 illustrates the result of peroral treatment 
of mice with experimental colitis with peptide 3 and pep- 
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tide 4, and with hLF compared to treatment with water 
(control) . Fig. 4 A shows the occurrence of occult blood 
in faeces, Fig. 4 B shows the amount of IL-ip in serum, 
Fig. 4 C shows the occurrence of rectal bleeding, and 
Fig. 4 D shows the colon length. 

Fig. 5 A illustrates the number of CD 8 positive 
cells in tissue sections of distal colon from the mice 
treated according to Fig . 4 - 

Fig. 5 B illustrates the expression of MHC class II 
in tissue sections of distal colon from the mice treated 
according to Fig. 4. 

Examples 

In the examples below peptide 2 denotes the peptide 
according to the invention with SEQ - ID. NO. 2, peptide 3 
denotes the peptide according to the invention with SEQ. 
ID. NO. 3, etc. 

Morinaga 10, Morinaga 11, Morinaga 12, Morinaga 13, 
Morinaga 24 and Morinaga 25 denotes the peptides de- 
scribed in EP-A-0 629 347; Morinaga 10 is F-Q-W-Q-R-N 
(sequence No. 10 in EP-A-0 629 347) , Morinaga 11 is 
F-Q-W-Q-R (sequence No. 11 in EP-A-0 629 347), Morinaga 
12 is Q-W-Q-R (sequence No. 12 in EP-A-0 629 347), Mori- 
naga 13 is W-Q-R (sequence No. 13 in EP-A-0 629 347), Mo- 
rinaga 24 is the cyclic peptide with sequence K-C- 
F-Q-W-Q-R-N-M-R-K-V-R-G-P-P-V-S-C-I (sequence No. 24 in 
EP-A-0 629 347), and Morinaga 25 is K-C-F-Q-W-Q-R-N-M-R- 
K-V-R-G-P-P-V-S-C-I (sequence No. 25 in EP-A-0 629 347) . 

hLF denotes human lactoferrin. 

In the examples, the minimal microbicidal concentra- 
tions (MMC) and minimal inhibitory concentrations (MIC) 
were determined as follows, unless otherwise specified in 
the examples. Bacterial or fungal strains were cultured 
in BHI medium over night at 37°C. A volume of the culture 
was transferred to a new tube with BHI and incubated for 
two more hours. Thereafter the cells were spun down and 
t he pellet was suspended in BHI medium diluted 1/100 (1% 
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BHD . The concentration of bacterial or fungal cells was 
spectrophotometrically determined at 650 nm. The micro- 
bial concentrations were also determined by viable 
counts. Peptides serially diluted in 1% BHI by twofold or 
tenfold steps were added in triplicate to the wells of a 
microtiterplate (200 p.1 per well) . The bacterial or fun- 
gal cell solutions were added in 10 |xl volumes to give a 
final concentration of approximately 1-5 x 10 s cells per 
ml in the well. The microplate was incubated at 37°C in a 
humid chamber for two hours . Thereafter 5 fil was taken 
from each well and added as a drop onto a blood agar 
plate and incubated over night at 37°C. The microplate 
was incubated for another 20 hours at -37°C and thereafter 
analysed spectrophotometrically at 650 nm in a microplate 
reader (Emax, Molecular Devices, USA) . The concentration 
of peptide causing a 99% reduction of the inoculum after 
2 hours of incubation was defined as the MMC9 9 %. The MIC 
value was defined as the concentration giving no increase 
in the absorbance value above the background level after 
2 0 hours of incubat ion . 

Example 1 

This example illustrates solid phase synthesis of 
peptide 2, peptide 3, peptide 4 and peptide 5 according 
to the invention, and also of the peptides Morinaga 24 
and Morinaga 2 5 used in the examples further below. 

The syntheses were performed by Fmoc continuos flow 
strategy on a Biosearch Pioneer automated peptide synthe- 
siser. The peptides were synthesised on a 0.1-0.2 mmol 
scale with the resins PAC-PEG-PS, 0.21 mmol/g for the 
peptide acids and Fmoc -PAL- PEG- PS , 0.20 mmol/g for the 
peptide amides . 

The side chains of the peptides according to the in- 
vention were protected by piperidine- stable tert -butyl 
(for serine and threonine) , tert -butyl ester (for glu- 
tamic acid) , tert- but yloxycarbonyl (for lysine and tryp- 
tophan) , triphenylmethyl (for asparagine, cysteine, glu- 



WO 00/01730 



PCT/SE99/01230 



18 

tamine and histidine) , acetamidomethyl (for cysteine) , 
and 2,2,4,6,7 -pentamethyldihydrobenzof uran- 5 - sulphonyl 
(for arginine) groups. 

For the peptides Morinaga 24 and Morinaga 25, at- 
tachment of isoleucine to the PAC-PEG-PS resin was per- 
formed using the isoleucine symmetrical anhydride. The 
resin (1 g, 0.21 mmol) was allowed to swell in 3 ml di- 
methyl formamide (DMF) . Fmoc-I (10 eq, 2,1 mmol) was dis- 
solved in 5 ml dichloromethane (DMC) and 5 drops of DMF. 
Diisopropyl carbodiimide (DIPCDI) (5 eq, 1.05 mmol) was 
added to the amino acid solution after which it was left 
to stand for 20 min at 0°C. The DCM was removed under re- 
duced pressure and the remaining oil was dissolved in DMF 
and added to the resin. Dimethylaminopyridine (DMAP) (1 
eq) was added to the resin and the slurry was allowed to 
stand at room temperature with occasional swirling for 1 
hour. After washing with DCM the resin was ready for pep- 
tide synthesis. 

Removal of the a -amino protecting group (Fmoc) was 
performed with 2 0% piperidine in DMF for 7 min. All cou- 
plings proceeded in DMF, using 4 times excess of acti- 
vated amino acid over peptide and 4 eq of benzotriazolyl 
tetramethyluronium tetraf luoborate (TBTU) : diisopropyl 
ethylamine (DIPEA) (1:2, mol/mol) . A six fold excess of 
hydroxybenzotriazole (HOBt) was added to the couplings of 
the cysteine residues (acetamidomethyl and triphenyl- 
methyl) . 

Peptide 2, peptide 3, peptide 4, and peptide 5 were 
acylated at the amino terminus using a 0.3 M solution of 
acetic anhydride in DMF. 

Final deprotection and cleavage of the peptide from 
the resin was performed for 2 hours at room temperature 
using a mixture of 9.25 ml trifluoro acetic acid (TFA) , 
250 |il water, 250 fil ethanedithiol and 250 p.1 triisopro- 
pylsilan per g of peptide resin. The resin was removed by 
filtration. The peptide was precipitated by use of cold 
diethylether, centrifuged and resuspended in fresh dieth- 
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ylether two more times to extract the scavengers and TFA. 
The peptides were dissolved in water and lyophilised. 

The cyclisation of the disulphide bonded peptides/ 
peptide 3 and peptide 5, were performed on unpurified ma- 
terial Approximately 200 mg of peptide was dissolved in 
1 1 of degassed water. Ammonium hydrogen carbonate was 
added until the pH was in the range of 6-7 and the mix- 
ture was left with stirring and air contact for about 1 
day, and was finally lyophilised . 

The peptides were purified by reversed-phase high- 
pressure liquid chromatography eluating with isochratic 
mixtures of isopropanol (12-16% IPA) and 0.1% TFA. Two 
different columns were used, Microsorb, C-8 41.4x250 mm, 
8 |Lim (column A) , and Hichrom, C-8 25x250 mm, 7 fim (column 
B) . The peptides eluated as broad peaks with the reten- 
tion times (R) given in table 1 below. The identification 
was done by ES-MS. MW in the table denotes the molecular 
weight . 

Example 2 

This example illustrates solid phase synthesis of 
peptide 6 and peptide 7 according to the invention. 

The syntheses were performed as described in example 
1 with the following modifications of the synthetic pro- 
cedure. The side chains of the lactam forming amino acids 
K in position 5 and D in position 9 were protected by 
1 (4, 4 -dimethyl -2 , 6-dioxocyclohex-l -ylidene) ethyl (Dde) 
and 4-{N- [1 (4, 4 -dimethyl -2, 6-dioxocyclohexylidene) -3- 
methylbutyl] -amino}benzyl ester (ODmab) , respectively. 

After the synthesis of the capped sequence was com- 
pleted, the Dde and ODmab groups were removed by 2% hy- 
drazine (v/v) in DMF for 10 min. The resin was washed 
with DMF, 1M DIPEA in DMF and finally by DMF. 

In the case of peptide 7 lactam formation between 
the side chains was allowed to proceed for 8 hours after 
the addition of a four fold excess of azabenzotriazolyl 
tetramethyluronium hexaf luorophosphate (HATU) :DIEPEA, 1:2 
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in DMF. The resin was washed with the following sol- 
vents/solutions: DMF, 20% piperidine in DMF, methanol and 
DCM . The resin was dried under vacuum, and the peptide 
was cleaved from the resin as described above. 

Peptide 7 eluated as a broad peak with the retention 
times (R) given in table 1 below. 



Table 1 



Peptide 


Column 


% IPA 


Flow 
(ml/min) 


R 

(min) 


MW ( f ound/calc • ) 


Peptide 2 


B 


14 


15 


11 


3201/3204.7 . 


Peptide 3 


A 


13 


80 


16 ' 


3057 .1/3060.7 


Peptide 4 


A 


14 


80 


12 


3002 .4/3004.0 


Peptide 5 


B 


14 


15 


10 


not determined 


Peptide 7 


B 


12 


18 


12 


not determined 


Morinaga 24 


B 


16 


15 


20 


2575/2576.0 


Morinaga 25 


B 


16 


15 


18 


3430/3432.0 



Example 3 

In this example the bactericidal activity of the 
peptides according to the invention was tested and com- 
pared to the bactericidal activity of human lactoferrin. 

Human lactoferrin (hLF) , peptide 3, and peptide 4, 
respectively, were incubated with two different strains 
of E. coli, E . coli 014 (experiment I) and 06K5 (experi- 
ment II) , in diluted growth medium (1/100 BHI - brain 
heart infusion) for 2 hours. The peptides were also incu- 
bated with E. coli 014 in 0.05 mM KCl (pH 7) without any 
growth medium (experiment III) . Different concentrations 
of the peptides were tested. 

After the incubation, samples were taken for bacte- 
rial plating. Serial dilutions of five- and fourfold 
steps were used in experiments I and II, respectively, 
and of twofold steps in experiment III. 



WO 00/01730 



PCT/SE99/01230 



21 

The concentrations of the different peptides re- 
quired for killing 100% (experiments I and II) or 90% 
(experiment III) of the bacteria are given in table 2. 



Table 2 



Exp . 


Agent 


Concentration of agent for 
100%/90% killing (ng/ml) 


I 


hLF 


400 


I 


peptide 3 


4.4 


I 


peptide 4 


4.4 


II 


hLF 


2000 


II 


peptide 4 


< 7.8 


III 


hLF 


> 4000 


III 


peptide 3 


12 .5 


III 


peptide 4 


3.2 



From table 2 it is evident that the peptides accord- 
ing to the invention were much more efficient as bacteri- 
cidal agents than human lactoferrin. 

Example 4 

In this example the fungicidal activity of the pep- 
tides according to the invention was tested and compared 
to the fungicidal activity of human lactoferrin. Differ- 
ent concentrations of HLF, peptide 3 and peptide 4 were 
incubated with different strains of Candida albicans and 
Candida krusei during 1-2 hours at 37°C in 0.05 mM KCl at 
pH 7.0 at two different occasions - experiment I and II, 
respectively. After incubation samples were taken for 
plating on Saboroud plates . The concentrations of the 
different peptides required for killing 99% of the fungi 
are given in table 3 . 
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Table 3 





strain 


Conner 
for 99 
hLF 


iteration c 
% killing 
peptide 
3 


agent 
(jxg/ml) 
peptide 
4 


rat 
hL 
/pep. 
3 


:io 
F/ 

/pep. 
4 


T 

JL 


ATCC 64549 


> 50 


0 . 6 


1 .25 


> 83 


> 40 


T 
X 


CCUG 90028 


> 50 


0 . 6 


1 .25 


> 83 


> 40 


T 
J. 


»w • JS..L U.DC1 

CCUG 35849 


12 5 


0 . 6 


1.25 


21 


10 


I 


C . krusei 
CCUG 969 


25 


1.25 


2.5 


20 


10 


II 


C. albicans 
ATCC 64549 


> 200 


1.5 


1.5 


> 133 


> 133 


II 


C . albicans 
CCUG 599 


> 200 


1.5 


1.5 


> 133 


> 133 


II 


C. albicans 
CCUG 1759 


> 200 


1.5 


1.5 


> 133 


> 133 



The results in table 3 show that the peptides ac- 
cording to the invention were much more efficient fungi- 
cidal agents than human lactoferrin. 

Example 5 

In this example an in vitro test was performed to 
study the anti-inflammatory activity of the peptides ac- 
cording to the invention. More precisely, the inhibitory 
effect of the peptides according to the invention on the 
LPS-induced IL-6 response in a monocytic cell line (THP- 
1) was studied and compared to the effect of human lacto- 
ferrin by use of the method described by I . Mattsby- 
Baltzer et al . , Pediatr. Res. 40:257-262, 1996. The IL-6 
response in the THP-1 cells was induced by addition of 
LPS. hLF, peptide 3 and peptide 4, respectively, were 
added 30 minutes after LPS. A significant inhibition was 
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obtained with peptide 4, as shown in table 3 below. The 
inhibitory activity of peptide 3 was similar to the in- 
hibitory activity of human lactoferrin. 



Table 4 



Agent 


% inhibition of LPS response 


hLF 


15 


peptide 3 


17 


peptide 4 


39 



Example 6 

Peptide 3 and peptide 4 according to the invention 
were also tested in an in vivo study to show their effect 
on urinary tract infection, 

E. coli 06K5 was instilled into the urinary bladder 
of mice. 3 0 minutes after instillation the different 
agents specified in table 5 were administered orally in 
an amount of 500 y,g per mouse and 24 hours after instil- 
lation the number of bacteria (CPU) present in bladder 
and in kidney was determined. The result is shown in ta- 
ble 5. 

The control group consisted of 10 animals in experi- 
ment I and of 23 animals in experiment II. The animals in 
the control groups were given tap water instead of pep- 
tide or hLF. 
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Table 5 



Exp 


Agent 


Mouse 
strain 


No. of 
animal s 


Statistical comparison* of 
treatment group with con- 
trol group of the number of 
bacteria, CFU, present in 
kidney 


I 


peptide 
4 


CH/HeN 


11 


p = 0-0137 


II 


peptide 
3 


C3H/Tif 


23 


p = 0.0574 


. II 


peptide 
4 


C3H/Tif 


23 


p = 0.0102 


II 


hLF 


C3H/Tif 


23 


p = 0 . 006 



* Mann -Whitney 



The results from experiment II are also illustrated 
in figure 1 . 

Thus, the peptides according to the invention are 
capable of reducing the number of the bacteria in kidney. 

Example 7 

In this example an in vitro test was performed 
to compare the bactericidal and fungicidal activity of 
the peptides according to the invention with peptides de- 
scribed in EP-A-0 629 347. The peptide according to the 
invention used was peptide 4, and the peptides according 
to EP-A-0 629 347 called Morinaga 10, Morinaga 11, Mori- 
naga 12, and Morinaga 13, 

The peptides were incubated with E. coli 014 and 
Candida albicans. Two concentrations of C. albicans yeast 
cells were tested, 5-10 6 and 5-10 3 per ml. Different con- 
centrations of the peptides were tested. 

After the incubation, samples' were taken for bacte- 
rial plating. Serial dilutions of tenfold steps were used 
in the experiments marked with I in table 5 and of two- 
fold steps in the experiments marked with II. 
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The concentrations of the different agents required 
for killing of 100% of the bacteria are given in table 6. 

Table 6 



Agent 



Concentration of agent for 100% killing 

(Hg/ml) 



E . coli 014 



II 



C. albicans 
I 

5-10 6 5-10 3 



peptide 4 



> 10, <100 



12 



> 10, <100 



10 



hLF 



nd 



nd 



> 1000 



> 2000 



Morinaga 10 



> 500 



1000 



> 2000 



> 2000 



Morinaga 11 



> 500 



nd 



> 2000 



> 2000 



Morinaga 12 



> 500 



nd 



> 2000 



> 2000 



Morinaga 13 



> 500 



nd 



> 2000 



> 2000 



nd = not determined 



From table 6 it is evident that the peptide accord- 
ing to the invention is a much more efficient bacteri- 
cidal agent than the short peptides described in EP-A- 
0 629 34 7 and than human lactoferrin. 



Example 8 

The fungicidal and inhibitory activity of the pep- 
tide 2, peptide 3, peptide 4, and peptide 7 according to 
the invention were compared to the peptides described in 
EP-A-0 62 9 34 7 most resembling the peptides according to 
the invention, i.e. Morinaga 24 and Morinaga 25. 

Candida albicans ATCC 6454 9 (l-10 5 /ml) was incubated 
in the presence of the peptides during 2 hours at 37°C in 
diluted growth medium (BHI, twofold serial dilutions 
starting with 50 jig/ml) • The fungicidal activity was 
measurec i by culturing 5 jxl from each incubation well on 
Saboroud agar plates. The concentrations of the different 
agents required for killing of 100% of the bacteria is 
given in table 7 . 
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The inhibition of growth was measured spectropho- 
tometrically after 2 0 hours of incubation. The concentra- 
tion of agent needed for inhibition of growth is given in 
table 7. 



Table 7 



Agent 


Concentration of agent 
for 100% killing 
(Hg/ml) 


Concentration of agent 
for inhibition of 
growth. (jig/ml) 


Peptide 2 


6.2 


6.2 


Peptide 3 


6.2 


6.2 


Peptide 4 


6.2 


6.2 


Peptide 7 


3.1 


1.5 


Morinaga 24 


12.5 


12 .5 


Morinaga 2 5 


6.2 


6.2 



This example show that peptide 2, peptide 3, and 
peptide 4 according to the invention is more efficient 
with regard to fungicidal and inhibitory activity than 
the linear peptide Morinaga 24 and that peptide 7 accord- 
ing to the invention is an even better fungicidal agent 
and inhibitor of growth of fungi. 

Example 9 

Also the bactericidal and inhibitory activity of the 
peptide 2, peptide 3, peptide 4, and peptide 7 according 
to the invention were compared to the activities of Mori- 
naga 24 and Morinaga 25. 

E. coli 014 was incubated as described above in the 
presence of the peptides during 2 hours . The bactericidal 
activity was measured in the same way as described above. 
The concentrations of the different agents required for 
killing of 100% of the bacteria is given in table 8. 

The inhibition of growth was measured spectropho- 
tometrically after incubation during 20 hours. The con- 
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centration of agent needed for inhibition of growth is 
given in table 8. 



Table 8 



Agent 


Concentration of agent 
for 100% killing 
(Hg/ml) 


Concentration of agent 
for inhibition of 
growth ( ng /ml ) 


Peptide 2 


25 


6.2 


Peptide 3 


12 . 5 


3.1 


Peptide 4 


12 .5 


3.1 


Peptide 7 


12 .5 


< 1.5 


Morinaga 24 


25 


6.2 


Morinaga 25 


12 .5 


3.1 



This example show that peptide 2, peptide 3 and pep- 
tide 4 according to the invention have bactericidal and 
inhibitory effects that are approximately the same as 
those for Morinaga 24 and Morinaga 25, but that peptide 7 
is much more efficient with regards to inhibition of 
growth of bacteria. 

Example 10 

In this example, the microbicidal and microbiostatic 
activity of the peptides according to the invention were 
tested and compared to the two reference peptides. 

C. albicans (ATCC64549) and E. coli 06 , respec- 
tively, were incubated with the different peptides. The 
experiments were performed with 1, 10, 25 and 100 jag/ml 
of peptide. The results are shown in table 9. 
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Table 9 



Peptide 


C. all 
MMC 99 % 


Dicans 

MIC 


E. c 

MMC 99 % 


:oli 

MIC 


Peptide 44 


10 


10 


10 


10 


Peptide 46 


10 


10 


10 


10 


Peptide 4 8 


10 


10 


10 


10 


Peptide 50 


10 


10 


10 


10 


Peptide 51 


10 


10 


10 


10 


Peptide 53 


10 


10 


10 


10 


Peptide 57 


25 


10 


10 


10 


Peptide 61 


10 


10 


10 


10 • 


Peptide 63 


10 


10 


10 


10 


Peptide 64 


25 


10 


10 


10 


Peptide 67 


10 


10 


10 


10 


Peptide 40 


25 


25 


> 25 


> 25 


Peptide 33 


100 


10 


25 


10 



From the table, it is evident that the peptides ac- 
cording to the invention have very good microbicidal and 
microbiostatic activity, even though the shortest pep- 
tide, peptide 40, and the longest peptide, peptide 33, do 
not give as good results as the other peptides. 

Example 11 

In this example the activities of the peptides ac- 
cording to the invention on the killing of C. albicans 
and on the inhibition of the growth of C. albicans were 
studied. 

C. albicans yeast cells (ATCC64 54 9) were incubated 
for 2 hours at pH 4.5 in BHI medium diluted to 1% of the 
original concentration containing 25 |ig/ml of the pep- 
tide- Thereafter the fungal solutions were cultured on 
blood agar plates. ODs 50 was measured after incubation 
during an additional 18 hours. 

The fungicidal effect of the peptides on C. albicans 
was determined as the ability of the peptide to kill 100% 
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and 99%, respectively, of the fungus, while the growth 
inhibitory effect was determined by measuring the OD 65 o- 
An inhibitory effect existed when no increase in OD 65 o was 
recorded. The results are shown in table 10. 



Table 10 



Por^t - "i Hp 
rep i— -J- 


killi 

100% 


C. albic 

.ng : 

99% 


:ans 

inhibition: 


Peptide 44 


- 


- 


- 


Peptide 4 6 


+ 


+ 


+ 


Peptide 4 8 


+ 


+ 


+ 


Peptide 50 ( 


+ 


+ 


+ 


Peptide 51 






+ 


Peptide 6 




+ 




Peptide 57 




+ 


+ 


Peptide 61 




+ 


+ 


Peptide 62 




+ 


+ 


Peptide 64 




+ 


+ 


Peptide 66 




+ 


+ 


Peptide 4 0 








Peptide 33 









killing: + = 100/99 % of the bacteria are killed 

- = less than 100/99% of the bacteria are 
0 killed 

inhibition: + = no increase in OD 6 5o is seen 

- = OD 6 5o continues to increase 



• From the table, it is evident that the peptides ac- 
5 cording to the invention, especially Peptides 46, 48, 50, 
51, and 57, have better effect on the killing and growth 
inhibition of C. albicans than the reference peptides. 



Example 12 

In this example, the peptides according to the in- 
vention were used to study the effect on the killing of 
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different bacteria. The different bacteria used are shown 
in table 11. 

The peptides were used at a concentration of 25 

jag/ml . 

The results are shown in table 11. 



Table 11 



Peptide 


E. 

f aecalis 


S. 

epidermis 


Bacteria 
s. 

aureus 


K. 

pneumoniae 


P. 

aeruginosa 


Peptide 44 


+ 


+ 


+ 






Peptide 4 6 


4- 


4- 


4* 


+ 


4- 


Peptide 4 8 




+ 


4- 


4- 


4- 


Peptide 5 0 


+ 


+ 


+ 


+ 


4- 


Peptide 51 


+ 


4- 


+ 


4- 


4- 


Peptide 6 


+ 


4- 


4- 


4- 


4- 


Peptide 57 


+ 


+ 


+ 


+ 


4- 


Peptide 61 




+ 


+ 


+ 


4- 


Peptide 62 


+ 


4- 


+ 


4- 


4- 


Peptide 64 


+ 


+ 


4- 






Peptide 66 


+ 


4- 


+ 






Peptide 4 0 




+ 








Peptide 33 


4- 


+ 


+ 







4- * 99% of the bacteria are killed 

- = less than 99% of the bacteria are killed 



From the table, it is evident that the peptides ac- 
cording to the invention, especially Peptides 46-62, have 
very good effect on the killing of bacteria, even though 
the shortest peptide, peptide 40, and the longest pep- 
tide, peptide 33, do not give as good results as the 
other peptides. 



Example 13 

In this example the concentrations needed of three 
peptides according to the invention for killing of 99% of 
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C. albicans at different pH was compared to a reference 
peptide. The peptides according to the invention were 
peptide 2 (linear), peptide 3 (cyclic), peptide 4 (lin- 
ear) , peptide 5 (cyclic) and peptide 7 (lactam bridged) , 
all capped. The reference peptides used were an uncapped 
cyclic form and an uncapped linear form of a Morinaga 
peptide, Morinaga 24 and 25. The results are illustrated 
in Fig. 2. From the figure it is evident that the capped, 
linear peptides 3, and 4 as well as the lactam bridge 
containing peptide 7 have better effects than the capped 
cyclic peptides according to the invention, and that all 
the capped linear peptides according to the invention in 
addition to peptide 7 have better effects than the linear 
and cyclic, uncapped reference peptides (Morinaga 24 and 
25) at pH 4.5. The most effective peptide at all differ- 
ent pH was peptide 7 . 

Example 14 

In this example prevention of C. albicans colonisa- 
tion in stomach was studied by giving human lactoferrin 
(HFL) , the peptide with SEQ. ID. NO. 3 and the peptide 
with SEQ. ID. NO. 4 perorally to mice. A dose of 10 s 
of C. albicans was given intragstrically to mice. Three 
days- later HLF or peptide was given twice a day (in a to- 
tal of 1 mg per day) for three days, and on the fourth 
day the mice were killed. The number of C. albicans in 
the stomach was determined by culturing and counting col- 
ony-forming units (CFU per ml) . The results are illus- 
trated in figure 3 . It is evident from the results that 
the peptides effectively reduce the growth of C. albicans 
in the stomach. 

Example 15 

In this example the anti- inflammatory effects of the 
peptides according to the invention on experimental coli- 
tis in mice were studied. Acute colitis was induced in 
C57B1/6J mice by giving dextransulphate (5%) via the 
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drinking water (ad lib) . Peptide 3 and peptide 4, as well 
as human lactoferrin (hLF) , were orally administered to 
mice at the start of dextransulphate treatment. The ani- 
mals were killed on day 2 . 

It' was found that blood in faeces of mice treated 
with the peptides according to the invention occurred in 
fewer animals than compared to the water-treated control 
group two days after treatment, as shown in Fig. 4 A. 

Another indication of the fact that the peptides ac- 
cording to the invention are anti- inflammatory, is the 
reduced concentrations of the inflammatory cytokine IL-ip 
present in sera from the mice treated according to the _ 
invention, as illustrated in Fig. 4 B,- as well as the re- 
duced occurrence of rectal bleeding, as shown in Fig. 4 
C. 

Another measurement of inflammation in the colon is 
the colon length - a shortened colon is inductive of in- 
flammation. It was found, as shown in Fig. 4 D, that the 
colon of the mice treated according to the invention were 
longer than the colon of the mice in the control group. 

Thereafter the number of CD8- and MHC class II- 
positive cells in tissue sections of distal colon from 
the mice was studied, and the results are shown in Fig. 
5. From Fig. 5 A, it is clear that the number of CD8- 
positive T-cells in tissue sections of distal colon from 
the mice treated with the peptides according to the in- 
vention is significantly lower than for the water-treated 
control group . 

From Fig. 5 B it is clear thet the occurrence of 
cells expressing MHC class II (macrophages, dendritic 
cells and B cells) in tissue sections of distal colon 
from the mice treated with the peptides according to the 
invention is higher than for the untreated control group, 
and similar to that of healthy animals with no acute co- 
litis. These results indicate that mice treated with the 
peptides according to the invention diminish or delay 
their local cellular response. 
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Thus, the peptides according to the invention are 
effective in reducing the inflammation itself as well as 
the clinical symptoms. 



5 Example 16 

In this example the fungicidal activity of one of 
the peptides according to the invention, the peptide with 
SEQ. ID, NO. 7, was compared to the conventional antifun- 
gal agents flucytosine and fluconazole, and also to human 
10 lactoferrin (hLF) . The antifungal agents were tested on 
C. albicans (ATCC 64549) in a concentration of 2xl0 5 
cells/ml. The tests were performed in BHI medium diluted 
1/100. The results are shown in table -12. 

15 Table 12 



Antifungal agent 


MMC S9 % (jig/ml) 


MIC (ng/ml) 


Flucytosine*' 


> 500 


250 


Fluconazole 


> 500 


> 500 


hLF 


> 1000 


1000 


Peptide 7 


6.2 


6.2 



* } This may be inhibited by nonsynthetic media, however a 



1/100 dilution of the medium used herein diminishes 
this risk. 

2 0 It is evident from the results in table 12 that the 

peptide according to the invention is clearly more effec- 
tive than the other substances. 

Example 17 

25 Also in this example one of the peptides according 

to the invention - this time the peptide with SEQ. ID. 
NO* 4, was compared to a conventional fungicide, ampho- 
tericin. The antifungal activity against C. albicans was 
studied. Twofold serial dilutions with a starting concen- 

30 tration of 20 ng/ml were used. BHI diluted 1/100 was used 
as growth medium. 
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Table 13 



Fungicidal agent 


MMC 99% ( jig/ml) 


MIC (|ig/ml) 


Peptide 4 


5.0 


5.0 


Amphotericin 


2.5 


0.6 



It is evident from table 13 that the activity of the 
peptide according to the invention is comparable to the 
conventional fungicide. 

Example 18 

In this example the bactericidal activity of two of 
the peptides according to the invention was studied in a 
test with a multiresistant S. aureus. A bacterial solu- 
tion with a concentration of 5.0 x 10 s S. aureus bacte- 
rial per ml was used. The concentration of each peptide 
needed to kill 99% of the bacteria (MMC 9 9%) was determined 
after 2 hours and after 24 hours of incubation at 37°C . 
The results are illustrated in table 14 below. 



Table 14 



SEQ. ID. NO. 


MMC 99 % ■ 
2 hours 


r Hg/ml) 

24 hours 


4 


5.0 


< 0.32 


48 


5.0 


< 0.32 



Example 19 

In this example the bactericidal activity of three 
of the peptides according to the invention was studied in 
a test with a reference strain of S. aureus. A bacterial 
solution with a concentration of 5.0 x 10 5 S. aureus bac- 
terial per ml was used. The concentration of each peptide 
needed to kill 99% of the bacteria (MMC 99 %) was determined 
after 2 hours of incubation at 3 7°C. The lowest concen- 
tration tested was 6.25 p,g/ml . The results are illus- 
trated in table 15 below. 
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Table 15 



SEQ . ID . NO . 


MMC 99 % (ng/ml) 
2 hours 


36 


< 6.25 


98 


^ 6.25 


7 


<, 6.25 



Example 20 

In this example a so called alanine scan of the pep- 
tide with SEQ. ID. NO. 46, C-F-Q-W-Q-R-N-M-R-K-V-R, was 
performed. In this alanine scan each amino acid was in 
turn substituted with an alanine, resulting in the pep- 
tides illustrated in table 16 below. 



Table 16 



Exp. 
No. 


1 


2 


ar 

3 


nine 
4 


> ac 
5 


:id 
6 


in 
7 


pos 
8 


iti< 
9 


an 
10 


11 


12 


SEQ. 
ID. NO. 


1 


A 


F 


Q 


W 


Q 


R 


N 


M 


R 


K 


V 


R 


68 


2 


C 


A 


Q 


W 


Q 


R 


N 


M 


R 


K 


V 


R 


69 


3 


C 


F 


A 


w 


Q 


R 


N 


M 


R 


K 


V 


R 


70 


4 


c 


F 


Q 


A 


Q 


R 


N 


M 


R 


K 


V 


R 


71 


5 


c 


F 


Q 


W 


A 


R 


N 


M 


R 


K 


V 


R 


72 


6 


c 


F 


Q 


W 


Q 


A 


N 


M 


R 


K 


V 


R 


73 


7 


c 


F 


Q 


W 


Q 


R 


A 


M 


R 


K 


V 


R 


74 


8 


c 


F 


Q 


W 


Q 


R 


N 


A 


R 


K 


V 


R 


75 


9 


c 


F 


Q 


W 


Q 


R 


N 


M 


A 


K 


V 


R 


76 


10 


c 


F 


Q 


W 


Q 


R 


N 


M 


R 


A 


V 


R 


77 


11 


c 


F 


Q 


W 


Q 


R 


N 


M 


R 


K 


A 


R 


78 


12 


c 


F 


Q 


w 


Q 


R 


N 


M 


R 


K 


V 


A 


79 



Example 21 

In each of the experiments in this example one of 
the amino acids in positions 4, 6, 8 and 9 in the peptide 
with SEQ. ID. NO. 4 6 was replaced by a similar amino 
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acid. In experiment 1 the tryptophan in position 4 was 
replaced by a leucine, in experiment 2 the arginine in 
position 6 was replaced by a lysine, in experiment 3 the 
methionine in position 8 was replaced by a leucine, and 
in experiment 4 the arginine in position 9 was replaced 
by a lysine. The resulting peptides are illustrated in 
table 17. 



Table 17 



Exp . 
No. 


1 


2 


ai 

3 


mine 
4 


d ac 
5 


:id 
6 


in 
7 


pos 
8 


iti 
9 


on 
10 


11 


12 


SEQ. 
ID. NO. 


1 


C 


F 


Q 


L 


Q 


R 


N 


M 


R 


K 


V 


R 


80 


2 


c 


P 


Q 


W 


Q 


K 


N 


M 


R 


K 


V 


R 


81 


3 


c 


F 


Q 


W 


Q 


R 


N 


L 


R 


K 


V 


R 


82 


4 


c 


F 


Q 


w 


Q 


R 


N 


M 


K 


K 


V 


R 


83 



Example 22 

In each of the experiments in this example one of 
the amino acids in positions 5, 6, and 7 in the peptide 
with SEQ. ID. NO. 46 was replaced by a negatively charged 
amino acid. In experiment 1 the glutamine in position 5 
was replaced by a glutamic acid, in experiment 2 the ar- 
ginine in position 6 was replaced by glutamic acid, and 
in experiment 3 the asparagine in position 7 was replaced 
by glutamic acid. The resulting peptides are illustrated 
in table 18. 



Table 18 



Exp. 
No. 


1 


2 


ai 

3 


nine 
4 


d ac 
5 


:id 
6 


in 
7 


pos 
8 


iti 
9 


on 
10 


11 


12 


SEQ. 
ID. NO. 


1 


C 


F 


Q 


W 


E 


R 


N 


M 


R 


K 


V 


R 


84 


2 


C 


F 


Q 


W 


Q 


E 


N 


M 


R 


K 


V 


R 


85 


3 


c 


F 


Q 


W 


Q 


R 


E 


M 


R 


K 


V 


R 


86 
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Example 2 3 

In each of the experiments in this example a neutral 
amino acid in the peptide with SEQ. ID. NO. 4 6 was re- 
placed with either a positively charged amino acid or a 
neutral-one. In experiment 1 the glutamine in position 5 
was replaced by an ornithine, in experiment 2 the gluta- 
mine in position 5 was replaced by a norleucine, in ex- 
periment 3 the asparagine in position 7 was replaced by 
an ornithine, and in experiment 4 the asparagine in posi- 
tion 7 was replaced by a norleucine. The resulting pep- 
tides are illustrated in table 19. 



Table 19 



Exp . 
No. 


1 


2 


3 


amii 
4 


io ac 
5 


:id 
6 


in p< 
7 


Dsit 
8 


:ior 
9 


L 

10 


11 


12 


SEQ. 
ID. NO. 


1 


C 


F 


Q 


W 


Orn 


R 


N 


M 


R 


K 


V 


R 


87 


2 


C 


F 


Q 


W 


Nle 


R 


N 


M 


R 


K 


V 


R 


88 


3 


c 


F 


Q 


W 


Q 


R 


Orn 


M 


R 


K 


V 


R 


89 


4 


c 


F 


Q 


W 


Q 


R 


Nle 


M 


R 


K 


V 


R 


90 



Example 24 

In each of the experiments in this example one or 
several of the amino acids in the peptide with SEQ, ID. 
NO. 46 was replaced with other amino acids. In experiment 
1 the glutamine in position 5 was replaced with a lysine, 
in experiment 2 the glutamine in position 5 was replaced 
with an lysine and the asparagine in position 7 was re- 
placed by an alanine, in experiment 3 the glutamine in 
position 3 was replaced with an alanine and the glutamine 
in position 5 was replaced with an lysine, in experiment 
4 the glutamine in position 3 and the asparagine in posi- 
tion 7 were replaced with alanines, in experiment 5 the 
tryptophan in position 4 was replaced with a leucine, and 
the arginines in position 6 and position 9 were replaced 
with lysines, and in experiment 6 the glutamine in posi- 
tion 3 and the asparagine in position 7 were replaced 
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with alanine, the tryptophan in position 4 was replaced 
with a leucine, and the glutamine in position 5 and the 
arginines in positions 6 and 9 were replaced with lysi- 
nes. The resulting peptides are illustrated in table 20. 



Table 20 



Exp . 
No. 


1 


2 


ai 

3 


■nine 
4 


3 ac 
5 


:id 
6 


in 
7 


pos 
8 


iti 
9 


on 
10 


11 


12 


SEQ. 
ID. NO. 


1 


C 


F 


Q 


W 


K 


R 


N 


M 


R 


K 


V 


R 


91 


2 


C 


F 


Q 


W 


K 


R 


A 


M 


R 


K 


V 


R 


92 


3 


c 


F 


A 


w 


K 


R 


N 


M 


R 


K 


V 


R 


93 


4 


c 


F 


A 


w 


Q 


R 


A 


M 


R 


K 


V 


R 


94 


5 


c 


F 


Q 


L 


Q 


K 


N 


M 


K 


K 


V 


R 


95 


6 


c 


F 


A 


L 


K 


K 


A 


M 


K 


K 


V 


R 


96 



Example 25 

In this example the fungicidal, and bactericidal ef- 
fects of the different peptides obtained in examples 18- 
21 were studied. C. albicans, E. coli and S. aureus, re- 
spectively, were incubated in BHI medium diluted 1/100, 
with a pH of approximately 6.7-6.9. The concentration of 
each peptide needed to kill 99% of the microorganisms 
(MMC 99 %) was determined. The results are illustrated in 
table 21 below. 
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Table 21 



SEO ID NO 


C. albicans 


MMCg9% 

E. coli 


S . aureus 


46 


12 


12 


7 


68 


12 


>25 


28 




12 


12 


14 


70 


6 


6 


7 


71 


12 


25 


14 


7? 


12 


12 


7 


7*} 


12 


12 


7 


74 


g 


g 


3.5 


7 ^ 


25 


12 


7 


7£ 




25 


7 


7 7 


o c 


12 


7 


7 P 




12 


7 


7 Q 


2 R 


12 


7 


O \J 




12 


7 


R 1 
o X 






7 


o 


g 


12 


7 


83 


6 


6 


7 


84 


12 


25 


14 


85 


>50 


>25 


>28 


86 


25 


25 


14 


87 


3 


6 


<3.5 


88 


6 


12 


3,5 


89 


6 


6 


3*5 


90 


12 


12 


3.5 



Example 26 

In this example the fungicidal, and bacteri- 
cidal effects of the different peptides obtained in exam- 
ple 22 were studied. C. albicans, E. coli and S. aureus, 
respectively, were incubated in BHI medium diluted 1/100, 
with a pH of approximately 6.7-6.9. The concentration of 
each peptide needed to kill 99% of the microorganisms 
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(MMC 99 %) was determined. The results are illustrated in 
table 22 below. 



Table 22 



SEQ. ID. NO. 


C. albicans 


MMC 99 % 
E. coli 


S . aureus 


46 


12 


6 


12 


91*» 


6 


6 


6 


93 


12 


6 


6 


94 


12 


6 


6 


95 


12 


6 


6 


96 


12 


6 


12 


97 


12 


6 


6 



The peptide with SEQ . ID. NO. 91 was tested twice, and 



the results were the same at both times. 
Example 2 7 

In this example the fungicidal activity of three of 
the peptides according to the invention was studied, and 
tested against three different fungi. The fungi were in- 
cubated in BHI medium diluted 1/100. The concentration of 
each peptide needed to kill 9 9% of the fungi (MMC 99 %) was 
determined. The results are illustrated in table 23 be- 
low. 



Table 23 



SEQ. ID. NO. 


C. albicans 


MMC 99 % 
C . glabrata 


C . neof ormans 


4 


6.3 


>50 


£3 . 1 


46 


12 .5 


50 


ND 


87 


6.3 


>50 


3.1 
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Example 2 8 

In this example the microbicidal activity of eight 
of the peptides according to the invention was studied, 
and tested against E. coli 06K5 and C. albicans. 

In this example, a peptide with SEQ. ID. NO. 55 was 
used, which has not been described above. This peptide is 
a modification of the peptide with SEQ. ID. NO. 7 wherein 
the Asp in position 9 is substituted with a Glu. 

The concentration of each peptide needed to kill 99% 
of the microorganisms (MMC 99 %) was determined. The results 
are illustrated in table 24 below. 



Table 24 



SEQ. ID. NO. 


MMC 

E. coli 


-99% 

C. albicans 


4 


20 


5 


7 


> 20 


5 


55 


5 


5 


46 


10 


10 


87 


5 


5 


88 


5 


10 


91 


5 


5 


93 


5 


5 



The conclusion of the results of tables 21-24 is 
that the peptide sequence can be modified at several po- 
sitions and by that increase or keep the microbicidal ac- 
tivity compared with the natural sequence. These modified 
sequences also reduce the costs for synthesis of the pep- 
tides. The positions at which amino acids can be changed 
with better or equal results are the ones denoted Xaa in, 
SEQ. ID. NO. 99. 



